Introduction {#S0001}
============

Idiopathic normal pressure hydrocephalus (iNPH) is a disease that has a triad of gait disturbance, cognitive impairment and urinary incontinence, and the prevalence increases up to 5.9% in those older than 80 years.[@CIT0001] Albeit the lack of randomized controlled studies, the main treatment of the disease is shunt surgery, and timing of the surgery is so essential that while nearly half of the patients were able to live independently after undergoing shunt surgery at least 6 months from diagnosis, 80% of those patients who had surgery within 3 months from diagnosis were able to live independently.[@CIT0002] Additionally, age is another important factor for the prognosis. It has been reported that approximately 60% of the patients younger than 75 years still had gait improvement, whereas 11% of those older than 75 years demonstrated a favorable gait improvement, by 5 years after the surgery.[@CIT0003]

As far as comorbidities, frailty, medications and life expectancy of the older adults are concerned, it is clear that some of them might not always be appropriate for the surgery, nor others willing to undergo surgery. In these circumstances, it was reported that gait, balance and cognitive symptoms progress over time in unshunted patients by even 1 year.[@CIT0003] In a very recent study, crude 5-year mortality was reported to be 87.5% in 24 unshunted patients with probable iNPH. Moreover, unshunted individuals with possible iNPH or asymptomatic hydrocephalic ventricular enlargement were found to have a three-fold risk for dementia during 11.5 years of median follow-up.[@CIT0004] On the other hand, shunted iNPH patients were also associated with a two to three times higher mortality rate when compared to the general population.[@CIT0003],[@CIT0005],[@CIT0006] It seems that both being shunted and unshunted cause early death and lead to dementia over time in spite of many favorable outcomes of the surgery. Therefore, we hypothesized that the deterioration of gait disturbance and cognition may be stabilized, at least postponed, by applying recurrent cerebrospinal fluid (CSF) removal procedures in those patients who refuse or have contraindication to shunt surgery. To the best of our knowledge, up to now, one retrospective (Lim et al)[@CIT0007] and one prospective study (Rossi et al)[@CIT0008] demonstrated positive experiences of repeated CSF removal procedures. However, the former with 1-year duration of follow-up did not report the time interval between repeated procedures and the latter performed in older patient's ineligible for surgical intervention did not clarify objective functional decline criteria required for deciding CSF removal procedure. Different from these studies, objective criteria were defined as to when to perform CSF removal in the patients with iNPH and the median follow-up duration of the patients was about 3 years in the present study.

This study aimed to investigate the outcome of serial CSF removal procedures in elderly patients with iNPH who refuse or have contraindication to shunt surgery.

Materials And Methods {#S0002}
=====================

Patients {#S0002-S2001}
--------

In this retrospective and follow-up study, patients were recruited from our university hospital between January 2014 and December 2017. Medical records of the patients older than 65 who were diagnosed with probable iNPH according to the international iNPH guidelines (Relkin et al, 2005),[@CIT0009] and who refused to have shunt surgery were reviewed and included in the study.

As according to the guideline,[@CIT0009] documented cognitive impairment and/or decrease in performance on a cognitive screening instrument, or evidence of at least two of the following deficits (psychomotor slowing; decreased fine motor speed or accuracy; impaired attention; impaired recall; executive dysfunction; behavioral or personality changes) on examination that were not fully attributable to other conditions was required for cognitive impairment.

The exclusion criteria were secondary causes of hydrocephalus, in patients unable to walk, thrombocytopenia (\<50.000) or refusal by the patient (technical difficulty for lumbar puncture), incapable of understanding the commands required to do a certain task.

The study was approved by the ethics committee of Dokuz Eylul University School of Medicine (2018/21--27), and participants provided written consent in accordance with the principles of the Declaration of Helsinki.

Measurements {#S0003}
============

Forty-two patients underwent comprehensive geriatric assessment including mini-mental state examination test (MMSE),[@CIT0010],[@CIT0011] frontal assessment battery (FAB),[@CIT0012] Stroop test,[@CIT0013] timed up and go (TUG) test,[@CIT0014] Tinetti Performance Oriented Mobility Assessment (POMA),[@CIT0015] Nine-hole peg test (NHPT) with the dominant hand,[@CIT0016] Instrumental Activities of Daily Living (IADL),[@CIT0017] Basic Activities of Daily Living (BADL)[@CIT0021] and modified Rankin Scale (mRS),[@CIT0018] and brain imaging such as, CT and MRI, were included into the study. The Evan's Index was calculated for each patient.

Cognitive impairment was screened using the MMSE test.[@CIT0010],[@CIT0011] The Diagnosis and Statistics Manual of Mental Disorders was used to diagnose dementia.[@CIT0019] Urinary incontinence was considered to be present in cases having involuntary urinary leakage in the last 3 months except for urinary tract infection.[@CIT0020] The disability of the patients was evaluated by mRS at the baseline and in the visits following CSF removals. The disability was evaluated by mRS (range from 0 to 6); 0 = "no symptoms"; 1 = "no significant disability, able to carry out all usual activities"; 2 = "slight disability, able to look after own affairs without assistance"; 3 = "moderate disability, requires some help"; 4 = "moderately severe disability, unable to attend to own bodily needs"; 5 = "severe disability, requires constant nursing care, bedridden"; 6 = "dead."

All the patients underwent comprehensive geriatric assessment including MMSE, FAB, Stroop test, TUG test, POMA, and NHPT with the dominant hand before and after 24 hours of CSF removal.

All patients also underwent cranial imaging before every CSF removal (nearly 30 mL of CSF was removed). The indication for performing recurrent lumbar puncture was determined in their regular 3-month follow-ups after the diagnosis. When the patients had deteriorated gait which was defined as \>10% pre-removal change on the average of two walking trials during TUG, CSF removal was conducted.

Statistics {#S0004}
==========

Statistical analyses were performed with IBM SPSS V.23.0 for Windows (SPSS, IBM Software Group, Chicago, IL, USA). Measurable variables were assessed using the Kolmogorov--Smirnov Goodness-of-Fit test in order to check for normality of distribution for descriptive statistics. Variables with normal distribution were shown as mean±SD, and those with non-normal distribution as median (minimum-maximum). Numerical variables were displayed as number of cases, and percent distribution. The Wilcoxon signed ranks test was used for group comparisons. P \<0.05 was considered statistically significant.

Results {#S0005}
=======

There were 42 patients (25 female and 17 male) who underwent recurrent CSF removal procedures, with a median age of 78 years ranging from 62 to 92. The prevalence of gait and balance impairment, urinary incontinence, and cognitive impairment were 85.7%, 78.6% and 57.1%, respectively. The Hakim's triad was present in 57.1% of the patients. The median Evan's index was 0.34 ranging from 0.30 to 0.46. A history of falls in the last 6 months was positive in 69% of the cases and the median number of falls was one (range 0--6). The median number of nocturia was three. Demographic and clinical features are shown in [Table 1](#T0001){ref-type="table"}.Table 1Demographic And Clinical Features Of The PatientsFeatures (n:42)Age mean+SD (range)79.1±6.9 (62--92)Gender (F, M)25,17Education year mean+SD (range)7.9±4.6 (0--21)Charlson's comorbidities index1.4±1.1 (0--4)Cerebrovascular risk factors n (%) Hypertension34 (81) Coronary artery disease11 (26.2) Diabetes mellitus type 2\
 Hyperlipidemia19 (45.2)\
12 (28.6)Gait and Balance symptoms n (%)36 (85.7)Cognitive symptoms n (%)26 (61.9)Urinary incontinence n (%)33(78.6)

Thirty-five patients with iNPH had two CSF removal procedures with a mean duration of 7.4±5.7 months (range 1.5--35). Thirteen patients had three CSF removal procedures, with a mean duration of 8.5±3.8 ranging from 4 to 18 months between second and third procedures. Two patients had a 9-month interval between the third and fourth CSF removal procedure, one with a 6-month interval and one patient with a 3-month interval. The median follow-up duration of the patients was 34.5 (range 5--72) months.

The mean TUG scores were decreased after the first, second and third procedures (p\<0.001; p\<0.001; p\<0.02, respectively). The POMA scores including both gait and balance components improved after the first and second procedures (p\<0.05; for each comparison). After the third procedure, the increase in POMA-balance score was statistically significant, but POMA-gait score and POMA total score did not differ before and after the procedure ([Table 2](#T0002){ref-type="table"}).Table 2Outcome Of Gait And Balance SymptomsFirst (n:42)Second (n:35)Third (n:13)BeforeAfterPBeforeAfterpBeforeAfterpTUG23.3±15.118.8±9.8\<0.00129±29.721.8±20.4\<0.00121.4±12.819.1±10.80.007POMA_gait8.3±2.69.6±2.5\<0.0017±3.28.5±2.80.0019.6±2.710±1.50.498POMA_balance10.1±4.411.5±4.6\<0.0019.3±4.411.5±4.4\<0.00112±213.8±1.20.042POMA_total18.4±6.521±6.9\<0.00116.5±7.320±6.90.00121.6±3.623.8±2.40.066[^1][^2]

After the first procedure, the FAB scores and NHPT scores were significantly improved in the patients (p=0.012). However, the scores of the two tests did not differ following the second and the third CSF removal procedures. We observed no changes in the MMSE, STROOP test scores and ADLs during the whole study. ([Table 3](#T0003){ref-type="table"}).Table 3Outcome Of Cognitive FunctionsFirst (n:42)Second (n:35)Third (n:13)BeforeAfterpBeforeAfterpBeforeAfterPMMSE21.1±6.3--21.2±5.4--0.77^a^23.2±5.7--0.676^b^FAB10.0±4.610.1±4.70.01210.5±4.112.0±3.90.55311.5±4.59.6±5.7NHPT\*31.0±9.529.7±6.10.00829.7±6.029.7±6.00.37427.3±7.025.7±6.0CDT3.5±1.53.2±1.50.1023.6±1.53.4±1.50.102ST-dd47.6±13.541.5±8.20.60049.3±18.448.6±15.50.39857.2±23.649.9±22.6ST-e4.2±3.54.1±3.71.0004.3±3.54.7±4.30.7523.5±2.31.0±0.0ST-sc2.7±1.51.1±1.20.0662.4±1.61.4±1.10.5933.2±2.11.5±2.1BADL75.3±22.372.2±21.40.526^c^65.4±30.70.789^d^IADL13.0±6.712.4±7.40.905^c^13.1±8.80.858^d^[^3][^4]

There were only two patients, one of them had complicated Intracranial Hypotension-Like Syndrome,[@CIT0020] having headache after lumbar puncture that had resolved with hydration and analgesics. At the last follow-up, incontinence had disappeared in eight patients (19.0%), and was reduced in seven patients (16.6%), continued in the same way in 11 patients (26.1%) and 16 patients (38.0%) started to wear diapers. The distribution of the degree of disability of the patients at the baseline and following the first (mRS1) and second (mRS2) CSF removal evaluated by scores is shown in [Figure 1](#F0001){ref-type="fig"}.Figure 1Modified Rankin Scale score distribution of the patients with iNPH.

Discussion {#S0006}
==========

In this retrospective observational study, it was demonstrated that serial CSF removal in older adults with NPH not only improved gait-balance impairment and degree of disability, but cognitive functions and ADLs had also not deteriorated during a follow-up of 34.5 months.

Ventricular enlargement was found to be associated with increased intraventricular pulse pressure despite normal mean CSF pressure in NPH.[@CIT0022] Including but not limited to the mechanism, our approach might have led to a reduction in tangential shearing forces on the paracentral fibers of the corona radiate in view of the fact that the forces are considered to produce the well-known clinical trial.[@CIT0023],[@CIT0024] In previous studies, it has been shown that iNPH is a progressive disease when left untreated,[@CIT0002],[@CIT0025] and shunt surgery is still the main treatment of the disease[@CIT0002] even though it cannot completely prevent the patients from progressing to dementia.[@CIT0005],[@CIT0006] In a recent prospective longitudinal observational study, symptomatic benefits offered by ventriculoperitoneal shunt (VPS) were partial and transient and treatment might be associated with a high complication rate and a poor long-term functional dependence, especially in older patients.[@CIT0026] It was reported that approximately 25% of the patients had major or minor complications such as, intracranial hematoma, subdural effusion, subdural hematoma, infection, shunt malfunction, over drainage, and hypotensive headaches, after the shunt surgery.[@CIT0027] In addition, it was reported that lumboperitoneal shunting, an effective alternative surgery to cranial surgery, improved the mRS score in most of the patients. But even with that technique there were serious adverse events in a fifth of the patients 1 year after the surgery.[@CIT0028]

In addition, in spite of initial improvement, delayed symptom progression including gait, cognitive, and urinary symptoms, was reported in half of the patients after shunt surgery, which is more likely for elderly patients.[@CIT0029] There is no pharmacologically approved agent used in the iNPH treatment today[@CIT0030] if anecdotally given acetazolamide is not taken into account, which has limited effectivity[@CIT0029] and side effects such as metabolic acidosis, kidney stone, hypokalemia, tingling and fatigue in older adults.[@CIT0031]

Moreover, it should be kept in mind that older adults might be potentially high-risk surgical patients,[@CIT0030] and some of the patients may refuse the surgery although they were informed about the risk of dementia and shortening of lifetime, as reported in the literature.[@CIT0025],[@CIT0026],[@CIT0032]

Therefore, the development of alternative treatment approaches such as serial CSF removal is crucial for the elderly patients who refuse or have contraindication to shunt surgery. In the present study, it was demonstrated that serial CSF removal improves the walking speed, as in previous studies,[@CIT0019],[@CIT0033]--[@CIT0035] and gait and balance, but also has positive effects on psychomotor rate and cognitive test. Additionally, it improves the bladder control in 35% of the patients, as well. It is quite important that all these improvements were accomplished without any deterioration either in the cognitive functions or in the ADLs of the patients. In our opinion, this procedure can transiently decrease in periventricular tensile strength caused by chronic periventricular ischemia, one of those potential mechanisms in the pathophysiology of iNPH and prevent the brain from increasing compliance of the ventricular wall and gradual ventricular enlargement.[@CIT0036] For this reason, with this approach, it may be possible that the progression to dementia might be postponed or slowed down, and thus helping older adults with NPH suffering from gait and balance problems, urinary incontinence and memory complaints. In addition, these beneficial effects of serial CSF removal were also reflected in the disability degrees of the cases, which showed a change in the direction of improvement. This is a highly satisfying outcome for the patients with NPH, considering that the proportion with a favorable outcome (defined as a mRS score of 0 or 1 at 90 days) for patients with acute ischemic stroke assigned to treatment with intravenous tissue plasminogen activator within 3 hours of symptom onset, was reported as 33%.[@CIT0037]

Given the fact that delayed symptom progression occurs about 2 years after shunt surgery,[@CIT0029] which is the only treatment of the disease, according to our results after approximately 3 years of follow-up, it is better understood how serial CSF removal can be important for geriatric practice.

Lim et al[@CIT0007] pointed out that repetitive lumbar punctures could maintain symptomatic relief up to 3 months after 1 year of observation in some patients with NPH. Meanwhile, Rossi et al,[@CIT0008] in a well-designed prospective study, showed that older patients ineligible for surgical intervention in a geriatric unit benefitted from repeated CSF taps with a time frame of 7 months between CSF removal procedures, with very low minor side effects and without major ones, both of which were consistent with our study. Also, as in our study, they reported that most responsive symptoms to the repeated taps were walking speed and gait disturbances. Moreover, our results were in accordance with the finding that the treated group tended to remain stable under a functional and cognitive viewpoint and the cognitive functions were evaluated by the Stroop test and FAB as well as MMSE in the present study. However, our results seem more realistic than those of Rossi et al because they excluded the patients who did not benefit from the first CSF tap procedure, called the non-responder group, and considered this lack of response as challenging the diagnostic hypothesis of iNPH. In this study, all the patients diagnosed with iNPH continued to undergo CSF removals, without questioning the possible benefits of the first procedure, in order that true iNPH cases might be non-responder for the CSF removals but benefit from the surgery.[@CIT0040] Our patients kept undergoing the CSF tap procedures as far as possible because they didn't have a second-choice. Additionally, in that study subsequent CSF removals were scheduled on an individual basis according to the observed functional decline and this decline was not clearly defined in contrast to our study.

The powerful aspect of the present study is that it is one of the first studies to evaluate serial CSF removal in older adults with iNPH by setting objective criteria for stating when to perform repeated CSF taps and detailed cognitive outcomes after the procedures during the follow-up. Nevertheless, the present study has some limitations. First, the sample size was too small to generalize the results. Second, the lack of shunted patients. Lastly, as the lumbar puncture was done when the patients already had deteriorated gait which was defined as \>10% pre-removal change on the walking trials during TUG, it was not easy to count the follow up time for patients who received three punctures from the moment of the first puncture. Despite these limitations, we think that our findings deserve attention when patients with iNPH refuse and/or have contraindication to shunt surgery.

Conclusion {#S0007}
==========

The deterioration of gait disturbance, the hallmark of the disease, may be improved and cognitive decline may be stabilized, at least delayed, by applying recurrent CSF removal in those unshunted patients with iNPH. From another point of view one can think that the approach was better than doing nothing in such a progressive disease. The complication rate of the process was very low with no infection. The current study needs to be confirmed with a higher number of patients and with a longer period of follow-up. Also, further studies should be performed for comparing the outcome of the surgery and the serial lumbar punctures.
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[^1]: **Note:** Data are presented as mean ± SD.

[^2]: **Abbreviations:** TUG, timed up and go test; POMA, Tinetti Performance Oriented Mobility Assessment.

[^3]: **Notes:** \*Dominant hand; ^a^p for the comparison of before the first and before the second CSF removal procedures (n=32); ^b^p for the comparison of before the first and before the third procedures (n=9); ^c^p for the comparison of before the first and the second procedures (n=35); ^d^p for the comparison of before the second and the third procedures (n=13). Data are presented as mean ± SD.

[^4]: **Abbreviations:** BADL, Basic Activities of Daily Living; CDT, Clock drawing test; FAB, Frontal assessment battery; dd, difference of duration in seconds; e, numbers of errors; IADL, Instrumental Activities of Daily Living; MMSE, Mini-mental state examination test; NHPT, Nine-hole peg test; sc, numbers of spontaneous correction; ST, Stroop Test.
